Charadrius plovers provide an excellent opportunity to investigate proximate causes of dispersal. Birds in this genus often forage on unvegetated substrates (making it easy to see bands), they nest at discrete sites (Page et Stenzel et al. 1994) . No study of the genus Charadrius has specifically investigated the effect of changes in the amount of suitable nesting habitat on movements. Stenzel et al. (1994) investigated the relationship between prior nesting success and movements of individual Snowy Plovers breeding in coastal California and found no significant relationship for either sex. Therefore, the reasons for the relatively large dispersal distances found within this genus remain unresolved.
We investigated the effects of three factors on movements of adult Snowy Plovers in northern Utah by evaluating: (1) the overall nest density of a study site; (2) the overall hatching success of a study site; and (3) an individual's nesting success the previous year. We were unable to quantify fledging rates at our focal sites because broods were highly cryptic and often crossed study area boundaries before fledging. Therefore, we could not quantify the relationship between site quality (Bollinger and Gavin 1989) and plover movements. We first describe interannual movements of Snowy Plovers at the Great Salt Lake in Utah. We then quantify changes in the abundance of potential nesting habitat at two focal study sites. Finally, we investigate the relationships among nest density, nest success, and movements and also evaluate site fidelity relative to an individual's prior nesting success.
STUDY AREA AND METHODS
Great Salt Lake, Utah, has a mean depth of 4.3 m at typical lake levels and has no outlet (Arnow and Stephens 1990). Lake levels, therefore, oscillate with precipitation levels. From 1983 to 1987, the lake rose 3.7 m, inundating approximately 2,100 km2 of marsh and upland habitat (Foote 1991 Eggs were floated to determine expected hatching dates using methods described in Westerkov (1950) . We assumed a four-day egg laying period and a 27-day incubation period (Page et al. 1985 , Warriner et al. 1986 ). Nests in which at least one egg hatched were defined as successful; nests that were empty prior to expected hatching dates were considered to have failed (Page et al. 1983 (Page et al. , 1985 . Most nest predators were mammals (Paton 1995) .
We determined the density of plover nests only at the two focal sites because the other sites were not visited frequently enough to insure that most nests were found. We assumed that few nests were missed during nest searches at the focal sites. At Howard Slough and West Layton Marsh in 1992 and 1993, only 3 of 188 nests had eggs greater than 21 days old or chicks in the scrape when they were initially discovered, suggesting that most nests were found during the early stages of incubation. Nest density was calculated at each focal study site using three estimators (modified from Kantrud and Stewart 1984): (1) crude density, defined as the total number of nests found in one breeding season/total area surveyed; (2) ecological density, defined as the total number of nests found in one breeding season/amount of potential habitat available; and (3) daily ecological density, defined as the maximum number of nests active on any one day/ amount of potential habitat available.
Incubating adults were captured with a chickenwire drop trap in 1990 (Paton and Edwards 1990) and a circular funnel trap from 1991 to 1993 (Lessells 1984 ). In addition, breeding and nonbreeding plovers were trapped 0.1 to 1.0 km from nesting areas by herding birds into two mist nets, which were staked together to form a V. The capture technique used did not significantly affect resighting probabilities for females, although there was a nonsignificant trend for males captured while incubating to be resighted at a higher rate than males captured in nets (see Paton 1995) . The gender of adults was determined using plumage characteristics (Page et al. 1983 , Warriner et al. 1986 ). Snowy Plovers were individually marked with three unicolored plastic bands (A. C. Hughes Ltd., Middlesex, England; band size XCL) and a U.S. Fish and Wildlife Service metal band (special size 1AA). Two bands were placed on each tarsometatarsus. Colored plastic tape, available from automotive stores, was then soldered over the plastic and metal bands. The tape minimized band loss, as only three birds each lost one plastic band during the study.
Movements of color-banded plovers were determined to the nearest 30 m by plotting daily observations of banded birds onto field maps of each study site (1 cm = 100 m). Universal Transverse Mercator (UTM) coordinates were determined for each observation and used for distance calculations. Nest locations at the focal study sites were accurate to within 10 m using a satellite-based global positioning system (Magellan Systems Corporation, Monrovia, California) and re-verified by manually plotting nest locations onto high-resolution orthophotoquads of the focal study sites (1 cm = 25 m). Nearest-neighbor distances within active plover colonies were determined with a measuring tape to the nearest 0.5 m.
Interannual movements for individual Snowy Plovers were based on the arithmetic mean for all UTM coordinates within a year, and compared with the arithmetic mean for UTM coordinates from the previous year. Intersexual differences in interannual movements (both annual home ranges and nest sites) were compared with a Mann-Whitney U-test. We classified plovers as being site faithful if they returned to the same study site. We evaluated the relationships between an individual's site fidelity and: (1) studysite nest density, (2) study-site nesting success, and (3) nesting success for specific individuals using a loglinear model with a backward-selection approach (Agresti 1990 ). Because some cell counts equaled zero, we added 0.5 to each cell before calculating likelihood-ratio chi square statistics (Agresti 1990 ). An alpha level of less than 0.05 was considered significant.
RESULTS
Interannual movements. -Males banded at the focal study sites became less site faithful over the course of the study (i.e. 56% in 1991, 44.5% in 1992, and 35.5% in 1993; G = 10.8, df = 4, P = 0.03; Table 1), whereas females returned at a relatively constant rate (33.3%, 29.7%, and 28.9% from 1991 to 1993, respectively; G = 6.7, df = 4, P = 0.15). When data from all study sites were pooled, we found no annual variation in site fidelity for either sex (males: G = 3.9, df = 4, P = 0.41; females: G = 5.9, df = 4, P = 0.21; Table   1 ). Pooled data from all study sites suggested that males were more site faithful than females; 39.7% of males returned to the same site compared with 25.5% of females (G = 9.5, df = 2, P = 0.009; Table 1 ). In addition, adult males usually were resighted consistently year after year; only 11.3% of 71 adult males banded at the focal study sites in 1990 or 1991 were missing for one year and subsequently resighted, compared with 24.7% of 73 females. This gender bias in resighting consistency was close to statistical significance (G = 3.7, df = 1, P = 0.054).
Interannual movements of color-banded plovers around Great Salt Lake were considerable (Table 2) Log-likelihood-ratio test between sexes; **, P < 0.001; all others not significant. The distribution and availability of suitable nesting habitat at focal study sites changed substantially during the study period, primarily due to reestablishment of vegetation. At Howard Slough, we surveyed 349 ha annually. The amount of suitable nesting habitat declined 56% over four years (Table 3, Fig. 1) , with the exception of 1992, when potential nesting habitat increased due to drawdowns (P. Paton unpubl. data). At West Layton Marsh, we increased study area boundaries from 171 ha in 1990 to 400 ha in 1991 to incorporate more potential nesting habitat (Fig. 1) . In 1990, 43.9% of West Layton Marsh was classified as potential nesting habitat, whereas by 1993, only 22.5% of the marsh was suitable for nesting (Table 3, Fig. 1) .
0.21). We documented interannual movements
Although both focal study sites experienced significant declines in the amount of suitable nesting habitat, there was not a concomitant reduction in the number of Snowy Plovers nesting at Howard Slough. At Howard Slough, estimated nest density and the total number of nests increased from 1990 to 1992; nest density and the total number of nests decreased only in 1993 (Table 4 ). In contrast, estimated nest density and the number of nests declined at West Layton Marsh during the study period (Table 4) .
We found no significant relationship be- tween site fidelity and a study site's nest density the previous year for either sex (G = 0.33, df = 1, P = 0.56; Table 5 ). We further explored the effects of nest density on adult site fidelity by simultaneously comparing return rates of adults to both their nesting success the previous year and overall study site ecological nest density the previous year. At high nest densities (>0.5 nests/ha), successful females were more likely to return to the same study site than were unsuccessful females (P = 0.003). However, when nest densities were low (?0.5 nests/ha) the previous year, an individual's prior nesting success did not affect site fidelity (P = 0.11). There also was no significant relationship between the number of site-faithful adults and overall nesting success for a given study site (G = 0.02, df = 1, P = 0.88). Nesting success in the preceding year did not affect the probability that males returned to the same focal study site in the following year (89.7% of 39 successful males returned compared with 86.7% of 15 unsuccessful males; G = 0.101, df = 1, P = 0.75; Table 6 ). However, nesting success in the previous year did affect female site fidelity. Of the females that were resighted, 90.6% of 32 that nested successfully in the previous year returned to the same focal study site, whereas only 50% of 20 unsuccessful females returned to the same site (G = 13.58, df = 1, P < 0.001). Site fidelity was similar between successful males and females (G = 0.015, df = 1, P = 0.901), whereas unsuccessful females were less site faithful than were unsuccessful males (G = 6.98, df = 1, P = 0.008).
DISCUSSION
Our study revealed at least four movement patterns for Snowy Plovers at Great Salt Lake. First, adult males were consistently site faithful, with 36% to 56% returning annually to the same focal study site. We found that nesting success in the preceding year did not appear to affect movements of males, a result also documented by Stenzel et al. (1994) in California. We also found no significant relationship between male site fidelity and: (1) density of nests at the focal study sites in the previous year or (2) a study site's nest success in the previous year. However, there was an indication that when the amount of suitable habitat declined at the focal study sites, the percentage of males that were site faithful declined as well (Table 1 ). In contrast, females returned at a relatively constant rate from year to year. Second, females were less site faithful than males (i.e. only 26% of females returned to the same site between years compared with 40% of males; Table 1 ). Previous research has shown that survival estimates for Snowy Plovers at Great Salt Lake are similar for both sexes, sur-TABLE 4. Interannual differences in Snowy Plover nest densities using three estimators at two study sites at Great Salt Lake, Utah from 1990 to 1993. Ecological density: cumulative number of nests active in one year/ total area (ha) of potential nesting habitat; nests/ha. vival estimates appear to vary annually, and resighting probabilities are significantly lower for females than males (Paton 1994 ). Twentythree percent of females during this study were not resighted in one or more years and then subsequently resighted, while only 11% of banded males were missing in at least one year. This pattern is similar to Stenzel et al. (1994) , who found that approximately 50% of females were absent from their study sites in western North America for part or all of a breeding season, while only 25% of the males were not consistently resighted.
Howard Slough
Third, female movements were affected by an individual's nesting success in the previous year. Successful females were 11.6 times (95% confidence interval = 2.7-49.7) more likely than unsuccessful females to return to the same area (Table 6 ). This was the first time this relationship has been reported in Snowy Plovers (see Stenzel et al. 1994) . Reasons for the discrepancy between our findings and those of the California study are unclear. One possible explanation is the relatively poor annual nesting success during our study, which was as low as 5% (Paton 1995 Lessells (1985) argued that parental care played an important role in the evolution of female-biased philopatry in ducks (Anatidae), one of the few avian taxa in which females are more site faithful than males (see also Anderson et al. 1992 Male Snowy Plovers arrive on their breeding grounds at Great Salt Lake about one week before females (Paton 1995) , and this species has a male-biased sex ratio (Warriner et al 1986) . This suggests there is strong intrasexual competition for mates, and site-faithful males may have an advantage in acquiring a mate. We have no data to test this hypothesis, but it is an alternative that should be examined experimentally in the field in the future.
Another alternative explanation for male-biased fidelity among Snowy Plovers in Utah is that the focal study sites were exceptional areas compared with many other potential breeding sites around Great Salt Lake (i.e. nest densities were probably at least two to three times greater at focal study sites; Paton and Edwards 1990, P. Paton unpubl. data). Freshwater is a limited resource at Great Salt Lake, and one that is readily available at both Howard Slough and West Layton Marsh. Freshwater is critical to nesting plovers because chicks cannot tolerate the high salt concentrations found in hypersaline lakes such as Great Salt Lake (Purdue and Haines 1977). Therefore, males may return to the same sites to take advantage of this limited resource. Bollinger and Gavin (1989) found that Bobolinks (Dolichonyx oryzivorus) returned consistently to high-quality sites, regardless of an individual's nesting success the preceding year, while birds were less likely to return to relatively low-quality sites following nest failure. Snowy Plovers can live for 10 to 15 years (G. Page pers. comm.); therefore, males may continue to return to the same site in "anticipation" of a productive breeding season.
Finally, this study and work by Stenzel et al. (1994) point out the importance of working at both local and landscape levels to address questions of dispersal in species such as the Snowy Plover. Our studies have shown that plovers are capable of moving great distances within and between years. Such movement may be an adaptation to the highly ephemeral saline lakes throughout western North America. Birds appear to be constantly exploring the region searching for potential nesting areas. As nesting habitat declines at a specific site, males remain site faithful while females are more apt to disperse to a new site. It is only by working at many sites scattered over the landscape that these types of movements are documented.
